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Water Vapor Sounding in the Martian Atmosphere

- Tenuous Martian clouds show surprisingly large effect on atmospheric processes [1]

- D/H diurnal variations bet. 300-1400% predicted due to adsorption and desorption of regolith [2]

- Perchlorate discovery points to interesting water vapor-surface interactions [3]

- Transport of water vapor between the Martian polar caps

Challnges:

- Uncertainty in RH measurements at lower temperatures on MSL (REMS instrument)

- Vapor mixing ratio jumps at Rocknest Dyne could be seasonal or soil interaction ïambiguity

Martinez et al. 2017

Large >50% 
uncertainty

VMR jump:
from change
in soil underfoot?

Martin-Torres et al. 2017 3

Goal: Diurnal mapping of near-surface vapor mixing ratio within several km of the Martian surface



Active Water Vapor Sounding on Mars: Introduction
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View from Rocknest, Gale Crater

Mount Sharp Topography in Gale Crater 

1.6 km

variable altitude scans
 vapor vs height

range resolved scans
 vapor vs ground distance

b) c)

30̄

3.5 km

a)
- Record radar reflections from a stationary 

surface (for e.g. Martian hill-side).

- The reflected signal is affected by amount of 

water vapor along the EM path of 

propagation.

- Retrieve water vapor mixing-ratio from radar 

reflections at multiple frequencies.
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Frequency-modulated continuous wave (FMCW) radar appropriate when available 

power is limited.
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Range resolution: inversely proportional to chirp bandwidth

THz systems can achieve enormous 

bandwidths, and hence range resolution.

Active Sounding using FMCW Radar: Principle
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Water Vapor Sounding Using Differential Absorption Radar (DAR) : 
Theory and Concept

Relative Humidity = 43.4%,

Temperature  = 20 oC, 

Pressure = 1013 mb
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DAR for Mars Science: Concept
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Water Vapor Sounding on Mars Using DAR : 

WASSR (WAter Sounding Short-range Radar)

- Surface pressure on Mars is 0.6% of that on Earth.

- Thus pressure broadening of the 557 GHz water vapor rotational 

line within the CO2 atmosphere is below 50 MHz

- Stronger absorption line for e.g. 20 ppm water vapor mixing ratio 

the absorption coefficient varies bet. < 1 ï10 dB/km over only 

350 MHz frequency range

8 cm

12 cm

36 cm22 cm

Transmit 
and receive
radomes

space for mast and gimbal

Back-end RF and digital

Waveguide front-end
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with less water vapor:
slower change in radar echo 
attenuation approaching
557 GHz

2-axis Gimbal Stage

5 kg,15W



Water Vapor Sounding Using Differential Absorption Radar (DAR) : 

WASSR Block Diagram ïAnalog Frontend
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Signal Spec. Justification

Chirp: 7 MHz
4 m range resolution at 

SMMW

Analog De-ramping

SMMW bandwidth of 

162 ï204 MHz too

demanding for ADC

Chirp Time period: 333 

‘s

Maximum Range: 

~40-50 km
FMCW Beat Frequency: 

40 MHz

Rx (IF) Gain: 45 dB



WASSR Analog Frontend: Bench Top Testing Setup

MMW/SMMW Test Bench IF Test Bench
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WASSR Enabling Technology : 527 GHz Tripler
Bias Voltage: 20 V

0

1

2

3

4

5

6

7

8

552 553.5 555 556.5 558

T
ri
p

le
r 

O
/p

  
P

o
w

e
r 

(m
W

)

Frequency, RF (GHz)

Tripler # 2

P_IN (~80 mW)

P_IN (~100 mW)

P_IN (~150 mW)

0

1

2

3

4

5

6

7

8

T
ri
p

le
r 

O
/p

  
P

o
w

e
r 

(m
W

)

Tripler # 1

P_IN (~80 mW)

P_IN (~100 mW)

P_IN (~150 mW)

* The 527 GHz triplers were 

designed by Dr. Jose Siles (JPL) 
for WASSR 

W ïBand Input 

Waveguide

Output Waveguide
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SEM Image



WASSR Enabling Technology: 300T + 600SHM
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